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Figure 2-1. Magnetic Anomaly Fie 
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CORE: GENERATION OF THE MAGNETIC FIELD 
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definitions on both horizontal and vertical dimensions can in principle allow TOPEX 
or other altimetric satellites to separate oceanic setup from geoidal undulations down 
to the smallest scales of interest. 
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Figure 3-1, Definition of 



_ X 


! 


o 

m 

O 



i 2 8888888888 

a o « • * n © « * © *> o 

( 6 ) aiVU NOtlVd3d3S 9/6 OX 0/P 


> CO 

< 5 

8 | 

2 ± 


Q m 


>1 

03 







CP 

£ 






0) 


a 






C X 


•H 

C 





03 



o 

0 





0) T3 

in 

03 

•H 

c 




S 

rH 

• 

XX 

03 




X 

p 

o 

in 

03 

X 




03 

0 



U 

X 




X 

X 

c 

rH 

03 






03 

03 

03 

a u 



c 

CP 


X 

•H 

03 

03 



0 

c 

03 

X 

u 

03 

X 



*H 

•H 

X 


0 


03 



X 

o 

03 

U 

X 

rH 

03 



rd 

03 

Jh 

03 

03 

03 

U 



c 

a 


X 

P 

•H 

CP 


0) 

-H 

in 

03 

03 

o 1 p 



03 

rH 


X 

03 

a> 

0 

CP 


T3 

o 

XJ 

X 

U 


X 

c 


2 

c 

03 


CP 

c 

03 

-H 


X 

*H 


<* 


0 

P 

a 


-H 

«• 

O 

CP 

o 

•H 

CP 03 


X 


rH 

c 

c 

in 

03 

a 


rH 

u 

rH 

•H 


c 


03 


< 

03 

03 

03 

03 

03 

cu 




rH 


03 

X 

O 

X 

c 


o 

0 

03 

•H 


0) 

Eh 

•H 



ax: 

rH 

T5 

03 




Eh 


X 

03 

«X 



CP 



03 



P 

X 

• 

c 


X 

XI 

C 

X 

0 

X 

03 

■rl 


03 


O 

C 

X 

tr-P 

X 



X 


03 

03 

•H 

03 

rH 


CP 

CO 

X 

> 


H 

U 

P 


c 

p 

03 

0) 

CP 



03 


•H 

e 

in 

u 

C 

0) 

CP 

0) 


03 


m 

a 

*H 

X 

c 



c 

x 

X 


a 

X 

•H 



o 

•H 


0 

03 


rH 

0 

• 

C/3 

x 

03 

X 

a 

0? 

a 

'i3 

03 


M 

*H 


03 


£ 

rH 

03 

>. 

0 


X 


0 

03 

O 

U 

rH 


c 

m 

rH 

rH 

03 

>i CP 

ITS 

0) 

0 

X 

03 

rH 


o 

0/ 

B 

x 

'H 

X 

•rH 

03 

£ 


xs 

O 

X 

03 


u 


p 

X 


c 


03 

03 

0 

0) 

£ 

03 

in 

< 

«K 

-H 

03 

X 

>1 

•H 

03 

CN 


a; 

e 

X 

03 

03 

c 

a 

• 

>1 

CP 


03 

P 

XS 

•H 

03 

o 

X 

fd 

03 

X 

cr 


£ 

Jh 


•H 

Vh 

X 

O 

Or 

O 



c 

> 

03 

X 

•H 


oc 

03 


03 

fd 

> 


XS 

03 

*H 

X 

o 

X 

h 

O 

X 


X 


X 

03 

X 

a 

o 

O 

>1 X 

X 


U 







O 

03 

X 

SH 


rH 

c 

0 



03 

1 

03 

• 

03 

o 

03 

03 

a 

E 

xs 

X 

CM 

X 

*H 

X 

p 

0 

•H 

c 

03 

1 

O 

X 

X 

X 

•H 

X 

p 

0) 

ro 

rH 

03 


Eh 

X 


0 

u 


CP u 

CP 


03 

00 

u 

CP 

<u 


p 

c 


u 


CP 


H 

TS T3 

-H 

• 

P 

H 


X 

P 

<13 


rH 

03 

X) 

O 

u 

0 

CP 

U 

03 

a x 



03 

c 

*H 

•H 

X 

£ 

03 

X 

03 

X 



D 

Eh 

03 

U 

X 

03 

u 

X 


CP 


C/3 


CP 

U 

0 

p 


03 



rH 

■H 

cnx: 

X 


U 

• 


03 

rH 

03 

in 




r-K 

• 

C 

X 

XS 


*h 


0) 

CP 

03 

CP 



c 

03 


x 

03 

* 

•H 

03 

LD 

0 

03 


X 

XS 

O 

03 

X 

CN 

a h 




03 


Eh 

in 

p 

CP 


c 

rH 

Jh 

03 


o 


03 


•H 

• 

X 

X 


• 

T3 TJ 


03 

o 


X 

• 

o 

03 



X 

+ ro 


03 


03 

in 


X 


c 

03 

03 

a> 

03 

CN 


O 

o 

p 

O 

u x 

X 

in 



CP 

0 

•H 

tp 



o 


O 


>H 

* 

03 

o 

03 

• 


Eh 

II 

CP X 

TJ 

X 

X 

o 



Figure 3-3 shows the residual signal of GRM for the spherical harmonic expansion beyond 
degree L. Therefore, it corresponds to the minimum degree of the harmonic expansion 
that is required to meet a specified accuracy of the s signal. 
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Resolution of Magnetic Anomaly as a Function of Altitude 
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Both depictions of the field are useful because the localized parameters provide the 
benefit of a visual map and the global spherical harmonics provide the capability of 
analytical manipulation. 
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For the spherical expansion, the useful degree is 13 (N - 13) for main field studies. 
Higher order models will be developed from the mission data. 
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The dual-frequency scheme will reduce the ionospheric error. The phase delay through 
the ionosphere is 
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Figure 5-10. SST Phase Jitter Cancellation 
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Table 5-3 

RIAD/GRM Parameter Value Comparison 
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Figure 5-20. GRM Internal Configuration 



BOOM HINGE DEPLOYMENT MECHANISM 




The structure is required to be suff icier' 
rigid to maintain the spacecraft centroid 
to within a 0 . 5 mm radius and a change 
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GRM/DMA Subsystem Characteristics 
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Periodic updates of orbital state vectors for reestablishing che circular orbit 
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Table 5-12 

Spacecraft Velocity Errors 
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Figure 6-1. Frequency Stability at 91.1 GHz 
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EQUATIONS 



Figure 6-7. Notation for General Dynamic Equations 



ons, the variables are generally three-component vectors unless 
noted. The vectors are expressed in a spcecraft body-fixed reference frame. 
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Figure 6-15. Harmonic Analysis of Figure G-16. DISCOS Error 
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C qls is the drag coefficient of the lateral surface which may be a flat plate 
a cylinder wall 

H is the average impact angle measured from the surface normal and is a 

function of the spacecraft velocity and the velocity of the rarefied gas 
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Fiqure 6-21. Fractional Momentum Transfer with (a) 







is the fraction of momentum transfer; i.e., F (o) = P r /P ; 








cd os 



<D 




p o 



U 




p 



fd 




CD 



p 




p p 



p 




POP 



2 




0 



cn 




fd rd p 







CD CD O 



CD 




p p 



C 




p fd 



0 




0 Q 



o 




p a) o 







u 



p 




Q fd p 



fd 



CNJ 

o p fd 

o 


p 



B 

P 2 



0 




Qdd 

II 


p 




fd ai *h 






P 

> 

•H 


p 



0 

CD CD P 



0 



-P 

p p p 



p 



u 

P P c 

P 





0) 


0 

p 




> 

tF 

p 


t — 1 




c c <d 


cn 

CM 



>1 

•H -H P 


3 




p 

g CD P 

•H 

•H 

p » at 



-H 

g p 


P 




u 

d a) 

' — 

fd 




o 

cn QP 

Cn 

p 

i 



r— H 

fd d 






0) 

>i a 

II 

P 

p 



> 

p p e 


c 

, , 




P 0 

— s 

0 




CD 

P -H U 

O 

p 

■ — , 



p 

CD S 


p 




p 

P 0 

Cn 


-e- 




d p p 


p 




0 

cup 

««. 

c 

i 

t — 1 


p 

£ fd xf 

cn 

rd 


1 



0 P (D 

CD 


o 

X) 


P 

DOW 

0 

os 

O 



fd 

(D D 

(d 


o 

<d 


e 

W 0 

p 

cn 

— 

p 

cn 

p 

•h rd cn 

p 

d 


p 


0 

Cl c 

0 

•H 

Cn 

fd 

B 

c 

QW O 

cn 

p 


Eh 



Cn -H 


fd 

+ 



<d 

CD P 

p 

p 


CD 

>1 

a) 

^ p fd 

fd 


P 

CD 

P 

p 

— p o 

P 

CD 

> , 

cn 

•H 

fd 

ld tr 

e 

cn 



U 


00 P o 

0 

fd 

+ 


0 


ON o 

p 

P 


CD 

P 

<D 

P CD 

p 


CM 

r — C 

0) 

P 

— P P 


P 

, V 

Cn 

> 

O 

C Eh 

p 

p 

p 1 0$ 

C 


(D 

0 CD 

0 

'H 


fd 

p 

■m 

P C 

p 

V 



4-1 

O 

CD 0 • 



, — « 

p 

fd 

P 

P CL P 

1 — * 

CD 


i — i 

p 

CL 

PEC 


C 

o 

fd 

o 


CD 0 CD 

o 

0 

'W' 

P 

0) 

> — 1 

DC O C 

■ — ■ 

o 

Cl< 


o 

<d 

0 

Cn 



CD 

fd 

p 

Pda 


p 

+ 

c 

a 

0 

P CD E 

+ 

CD 


0 

U) 

p 

■H P 0 


P 

r— 1 

a 



£ fd o 

p 

d 

. I 


cn 

rn 

i — i 

» — > 

p 


CD 

■ <H 

■H 

CD CD CP 


p 

— v— 

P 



UPC 

CM 

cn 

CM 

P 



c 


a 





fd qj d 

II 

p 

II 

cn 

> 

a 

r o o c 


p 


• »H 


< 

P P 0 

P 


o 




o o a 

a 

<D 

Q 

e 



UP w 

o 

p 

O 




O 1 CD 


P 


CD 



*1 CP P •• 




P 



<d p oj 


P 


CD 



C POP 


0 


P 



•H TJ O fd 


Cn 


2 


J 

<• 









CM 

U> 






- — * 








P 



II 





0 








P 




0 



u 





u 



0 



1 


ro 



> 





Mh 





O 


P 



>! 


O'* 


3 



P 





CO 



•H 








u 




0 

r-4 



0 



•H 

O 

03 

03 

P 



»-H 

0 


'■w' 

4H 

03 



> 




p 

-P 





| 

E 

D 

03 



0 



3 

CO 

f-H 



sz 


1 

£ 





p 



H 

«H 

r— I 






X 

03 

0 



sz 


03 

P 

c 



p 


! 

c 

0 

03 



• M 




P 

a 





CO 

03 






0 

f-H 

p 

*-H 


f-H 


0 


03 

1 


0) 


1 

H 

p 

H 

V£> 


f-H 


tr 

0 

0 



.-H 


0) 

'O 

CO 

0 


03 


TJ 

c 


f-H 


in 




•H 

P 

X> 


03 


LD 

i-H 

O 

03 


a 


ro 

>1 

UH 

H 





• 

u 




* 


r- 


~ s -* 

C 


• 




p 

* — * 

■ H 


QJ 


II 

0 



CM 

• 




MH 

* rH 

TJ 

(M 

• H 


to 



0) 

1 

— ' 


I 

- 

f — 1 

■ — ' 

C 

CO 



03 


Du 

* H 





H 

• H 


cm 

0 



r— < 


4- 

0) 

p 

II 


5 



T3 

o 



» 

u 

Cu 

f-H 


CP 

• <H 





‘ — , 

0) 

• H 





+ 


P 

tu 




CO 


1 — 1 

03 


-C 

<y 


x 

f-H 

— ' 


C 

P 

T3 

(0 

E 

- — * 

•H 

-e 

■H 

• H 

3 

\ 







P 

e 






C 


•M 


00 

•H 


4-' 

■“» 


P 


t 


P 


0 

•H 

f-H 

f-H 

r- 

— ' 

0 

w 

SZ 


03 




o 

2 

to 





P 




Du 

e 



0 


»* 

CO 





o 

P 1 P 

P 

•H 

f 0 








- *H 

o 

CO 

U 


rsi 

- 



CD 

03 

\ 


> — * 

03 

>H 


•-H 

CO 

(0 

CM 




o 


> 

> 




' — 

— 

P 



II 

II 

P 

Du 

Du 

03 

II 

C/3 

CO 




£ 

- 







a: 



Q 





a 



O 

u 











C 13 








-C 





a 



P 





P 








0 



in 





X 



0 





2 



Du 




p 

T3 






P 





03 






0 




0 

4J 

p 





CL 



P 

n 

0 









3 

a 

-p 





03 




P 

E 

0 





-P 




•H 

O 

0 





03 




P 

CO 

U 

> 





TJ 




c 

CO 

> 

t 




CO 




0 

H 

-p 


— 


•H 




0 


••H 


i — , 


P 





CT 

o 


CM 



SZ 




CO 

C 






a 



c 

H 

1 — . 


oo 



6 




0 


a 


r- 

in 


o 




■•H 

0 

> 


CD 

o 


s 




CO 

f-H 



• 

• 






3 

f-H 

0 


o 

f-H 


X3 




03 

0 

sz 


— 



c 




E 

4H 

p 





t’S 




■H 




1 

1 






T3 

0 

0 





CP 




SZ 

p 

p 

f-H 


c 




T3 

P 


0 




•H 




C 


f-H 

C 




p 




03 


03 

c 

< — i 


0 


t — , 


CM 

E 

03 



DQ 


n 

CO 


P 

O 

0 





00 

03 

1 

0 

CO 

lO 


E 



• 

C 13 

v£) 

c 



• 


0 


c 

o 

P 



c 

OO 


P 




03 

0 

CO 

o 

r- 


CM 



1 


P 

0 

N 








0 

0 

o 

•H 




XJ 


r 

H 

U 

cn 

03 

P 

Du 


0 


, 

03 

■H 

CM 

0 




C 




CM 

'P 

P 

sz 

+ 


■H 



P 


a 




— , 

03 


o 


3 

c 

CO 

0 

»-H 


-P 


r 


CO 

■ H 


sz 

* 

m 

-Q 



i 



f-H 

p 



00 

0 


CM 

CP 

c 

f-H 


4- 

ir> 



oo 

c 

0 

03 

CM 



. 

CO 



•H 

■H 


0 

* — i 

o 

■H 





HJ 

P 


CM 


— 




P 

0 

03 

O 

03 







O 

f-H 

5 

CM 

0 

OO 



- 



o 

*-H 

P 


P 

r- 

UP 

00 

LO 




0 

0 

CD 

03 

CO 

O 

CM 

• 




CM 

CM 

PO 


• 

• 

. 

00 



CM 

• 

z 

• 

T3 

o 

f-H 

o 

r- 

CM 

• 

\ 

(1) CO 

■ H 

CM 

0 

> — ’ 




CM 

CO 

LO 

.c a; 



«P 



\ 


\ 


o 

P u 

0 

II 

U 

— 


Du CD 

X 

• 

03 

sz 


0 

00 

f-H 




f-H 

*> P 

p 

' — - 

■i — > 

f-H 



0 

CM 


P P 


00 

0 


• 


• • 

P 



CM O 

TJ 

f-H 

p 

c 


4- 

0 

3 


II 

03 CO 

C • 

• 

a 




P 

CP 



p 

03 CM 

o 


4 


CM 

0 

■fH 


o a; 

1 


0 



av 

2 

lit 


P 

03 o 

CO CD 

H- 

SZ 

r- 

A 

rr 



0 

0 p 

03 


p 

s— 

• 



TJ 

03 O 

-H O 

<-H 


» . 

o 

CM 


! 

c 

CL,P 

0 «-H 

— ' 

T3 






00 



H 

CO 1 

£ X 


C 




r 


f-H 

CP 

P 03 

(M 

03 

(M 

CM 

—H 




CM 03 

0 H 








CJ 

< P 

cm 

II 


It 


II 

II 



T3 

C 










£ 

0 • M 

Cm 


0 





fjr 

DC QJ 

to 

Q 


! 

C 






O • — 1 

0m T3 

a 


i 

0 






jQ 

jr: 0 



1 

0 




o 

O 03 

p p 



c 

3 






X u 

c 



u 






p 

CP 0 










f-H 

C CO 










p a 

•M (D 










o a 

to P 










iu 03 

zj a. 











o 



Solar Panel Edge aol c Dl = 0.253 





<D 

C 

0 

u 

Q 

U 





Cl, 

V 

o 






o 


< 

T 






W 

+ 

c 

30 






Cn 



• 







X 

< 

D 



, — , 

• • 

+ 

« — i 






a) 




II 



r-* 

x 

X 1 

CM 






• 

03 

> 





CN 



4-1 

c 

O 



00 

H 

1 

cn 

0 

c 

o 




40 

03 

Q 

c 

D 



c 

Li 


P 

O 

- — - 





03 

X 







X 

03 

0) 

— - 





X 

> 

o 

v. 

O 



i-H 

03 


03 

co 

II 



H 

03 

4-< 


• 






O 

34 

rs» 

03 



C 

03 



C 


r- 

•H 

04 

03 



0 

in 


• 


X 




o 

• 

(N 

03 

G 

X 


1 

a 

rH 

00 

03 

03 

C 



o 



cn 


O 

i— - 



II 



c 

X 

X 

rsj 


e 


4J 

03 

C 

44 



0 

. — ■ 


D 

x 

O 


cn 


0 



J 

o 

X 

CP 

\ 


X 

o 




4-4 

c 

co 



tT 



03 


•H 

o 


44 


• 


X 

03 

34 

CM 


0 

— 


r 

X 

X 


• 

CM 






X 

34 

o 


03 

Cl, 

X 

c 



03 

' — 

rsi 

c 




4-3 

0) 

X 


\ 

o 

+ 

04 


44 

X 


1 

•n 

o 




03 

03 

C 


G 


i-H 

1 


X 

r-4 

C 

rsi 

• 

X 

- — ^ 



O 

03 

03 


r-4 

c 

, 

£ 

03 

X3 


rsi 

— 

0 


0 

U 


C 

\ 


34 

<n 

0 

03 


03 

00 


44 


X 

a 

• • 


r- 



II 



03 

03 

03 

40 


44 


44 


40 

X 


03 




•H 

0 x 





X 

X D 

03 Jh 

• 



H 

0 £ 0 

X 




X X 


X 

CN 



03 

X 

03 



• 

X 0) 

03 

U 

<N 


in 

03 X 

• C 

o 

\ 


40 

X Eh 

03 G 

03 

00 



03 

G 03 

O 

O 


• 

X 

0 0 

03 

CN 

r- 

CN 

• 

•H 03 

a 

• 

Q 


a) 6 

X 

03 

o 

03 

II 

O 0 

03 C 


* 



0 

<H 0 


II 

Q4H X 

D N < 



U 

3h 

U *H 



OO 


p cu 

X 54 

03 

II 

Q 

03 

03 X 

03 0 


03 

X 

X 

0 X 

X 

CN X 


X 

X 



34 



C X 

03 03 

34 

L; 

rH 


O 0 

> X 

0 


40 

>• 34 

0 X 

X 


O 

X 

X X 

X 


II 

• 

X 

c 

03 03 

4D 


o 

C 

x o 

03 O 

r- 


03 

03 Jh 

03 £ 

• 

Q 

II 

D X 44 

X *H 

m 

03 


CP4-4 

X X 



1 — ' 

03 

03 


X 

• «» 

« ‘ 

03 

03 X 

C 0 

o 

CN 

40 

c X X 

H £ 


e 

i-H 

0 

X 

X 

Q 


<J\ 

u 

c 

TJ 

U 

oo 

• 


CP 0 

03 0 



^ X C T3 X X 

CM tP O — . ' • -H QJ H) 03 

E C • > c h 4J iJ 

•H o — lo 0 O 0 C O 


40 

J 


CN 


B 

U C 03 

X 

O 

0 

II 

OP 

• 

03 

• H X 


m 

X 


O 

CM 

X 

03 03 

rC 

# 

X 

• — < 

♦ 



X > 



0 


o 

1! 

X 

CP 0 X 

X 



II 

X 

in 

>— 


0 

C 

C 

P 

0 



* 

* — t 

•r~) 

• H 


tr x 



03 

X 


QX 

X 

03 

0) 



” — s 

X 


II 

O 

X 

X 

X 


ID 


CN 

X 




p 

P 

03 

03 

<T> 


Op 



oo 

r-i01 

a 


•H 

(N 


r- 

03 

CM 

Q 

Q 03 


E 


• 


• 

TJ 

CO 

U 

03 

X 

T3 

0 

X 

O 


X 

V 

o 




c 

0 

o 



' 

03 

• 

00 

X 

03 

03 

X 

03 

X 




o 

Q 

0 




a 

0 



E 

’ — ’ 

03 


0) 

CN 

0) 

E 


•• 

4D 

0 

> — ■ 


C 

•H 

< 

X 

■ H 

03 

03 

40 

0 


03 

0 



X 


03 

■ iH 

OO 

X 

II 

O 

■H 

03 

X 


X 

03 


• 



03 

X 

03 

0 

G 

0 

03 

CN 

o 

(D 

r- 

X 

03 

03 


0 

X 

X 

1 


X 

Q 

X 

£ 

03 

03 



O 

40 


X 

U 

P 

£ 

X 

03 

03 

c: 

c 

03 

!l 



03 

P 

O 

X 

X 

0 

•iH 


X 

r- 


0) 

c 

03 

03 

•iH 


X 

rr 

0 

Q 

X 


•H 



X 

03 

X 

Q 


03 

03 

X 


CP 

X 

03 

X 

03 

U 

c 


X 

X 

X 

C 

03 

£ 

03 


^ H -H X! -H £ 

X 03 X X 4-) 03 

o e c u) u 

d) in a in oj i 

u O 03 x 

03 >, £ X 03 03 

ax d) w u 

in a; £ £ 03 03 

> O 03 u 

X «H O U I Q 

< X X XU 

oJ x o) 

0) x (D 03 X X 

-C a) x: -p o a) 

H X 4J O) $ c 


0) 

X 



P 

C 

£ P 


03 

- CD 

G 0 

X 

0) CD 

cn CD 


cn 

X X 

03 X 

cn cp 

0 

O 

CP 

CD C 

rH 

P 03 

cn 

O -*H 

cn 

cn cd 

£ 03 

p 


G P 

G X 

<d a 

p 

e 

•H 

X cn 


>< 


CQ 

< 

X 


Z 

< 

E- 1 


CO 


C P 

d) (i) o 
> x c 
0) c 
u G cn 
0,4-) 0> 

x 

C CD 
p x cn 
p jx 
c c 
o 6 fd 
■HOP 
P P 
03 P CD 
P rH 
G C X 

CP O f0 
•H -H U 


GJ -H 
X T3 


a) <d 
o p 

G 

0) rH 

x 
p 


H P 
03 (D 


P 

03 

0) 


P rH 
PI G H 
O P P P 
03 O C 
W (A 03 G 
p CP P 
*H 03 G P 
G S C cn 


u 

P <D 

•h x 
U P 


03 03 
E rH 

O rH 


p 

P -H 


X rH 

c 

Q,rH 


P p pH 

0 

£ a 


CD O S 

o 

g a 


P X 


cn 03 


•n cn P X 

CD 

c 


U -H H O 

rH 

0 p 


X w 

X 

U 0 


CD >i X 

03 

p 


P TJ £ 

p 

rH 


P 03 CD 

tn 

CD p 

H 

a: c p - 


G p 

M 

03 03 £ 

03 P 03 

X 

T3 -H 03 


1 

M 

C C P P 

c 

- CD 

CQ 

03 < -H CP 

•H 

C X 

< 

C O 


O p 


CD -HP 

TJ 

H 1 

CO 

e • a 

rH 

p p 


03 P G 


0) <D cn 

p <d -h 


cn 

a 

6 

03 


e 

G 

■H 

cn 

CD 

U 


0) 



<D <D ax 


cn x p 


(D CD cn 03 


o3 x p x 


o 


>|P 
X) O 


p X 

P 03 


CD 03 

p 

r -s 

w 

X 

W 

£ 

Eh 


O 


m cd 

X CD 

cn cn G 

X 

03 

w 

p 

0 

cn 


G 

a 

o 

X 

CP 

c 

P 

[14 


P 

03 


03 

E 

p 

cn p 

cn TJ *H 

rH M 

cn 

M 

c 

<u .c • 


E 

03 

03 rH 

•H 

03 cd cn 

CD 


X 

•H 

c 

cn 


P 

rH 

X G 

CD 

X P CD 

G 

CP 



CP 6 -P 


O 


P P 

E c 

03 TJ 

P • 

c 

ex 

cn 

03 

03 C 


p 

CP 

cn 

03 -H 

E a 

c 

■H • 

w 

CD 

E 

P CD 


P 

G 

G cn 

P E 

03 -H P 

CD O 

P £ 

Eh 

p 


CP c 


0) 

-H 

CP CD 

CP P 

P O CD 

X 'H 

G PC 

w 

G 

P 

O O 


a 

P 

■H O 

O <D 

CP -H X 

P P 

P o 

s 

rH 

03 

p a 



o 

cn u 

P P 

O P v 

03 

0 

o 

*H 

rH 

a E 


0) 

•H 

(D G 

a cd 

P C H 

P -H 

03 CD 

Eh 

03 

03 

0 

• • 

p 

T3 

TJ cn 

T3 

CD 03 CD 

03 P 

P X 

W 

P 

O 

P u 

CD 

■H 

CD 




X 03 

G P 

z 


cn 

cn 

C 

rH 

P 

P CP 

T3 O 

cn CD P 

P > 

c 

o 

T3 


CD rH 

•H 


a 

CD c 

G P 

•H X 03 


03 P 

*c 

CD 


P rH 

E 

P 


p -H 

P 

X Eh X 

cn £ 

E O 

s 

U T3 

CD 

p 

G 

p 

•H P 

cn — 

Eh P 

CD U 

p 


c 

CD 

03 O 

(D 

O 

0 

U G 

X 


P 

CD 

cx 

CD 

CD 


P 

X 


X cn 

03 a. 

• <D 

•H T3 X TJ 

2 

■H 

E TJ cn 

CD 

1 

cn 

CD G 


• C O 

G C 

H CD 

X 

P 

G 

C ftj T3 

o 

c 

CD 

*■ — 

P CP G 

rr oi 

P 

2 

CD 

CD 03 CP 


o 

03 

tu 

c 

Qj • rH Qj 


o 

CD 



•H 

u 

a 



T3 

*H 

PC 

P 

cn 

• 

G 

cn 

X 

>1 'u 

rH 

04 


c 

TJ 

cr 


CD 

rH 

CD 

c 

■ H 


S 

0 

CD 

CD 



rH 

E 

03 



PC 

■rl 

O 

p 


P 

03 

P 




u 

P 

G 


LD 

03 

O 

0 

cn 


• 

o 

03 

CD 

• 

cn 

•H 

P 

CD vo 

VO 

CD 

03 

rH 

N 

VO 

CP P 

P 

E 

00 

• 

X 

CD 

03 

•H 

• 

03 

a 

CD 

03 

<P 

VO 

Eh 

P 

X 

cn 

VO 

E 

0 

CD rH 

rH 


T3 03 
TJ P 


CD CD 
£ TJ P 
O C 
P E O 
CD G U 

0 C -H 

X5 tP*H CD 

01 03 CD X 
X E X P 


CO 


ctftn o >iP ^ G cr 


CP 


03 0> £ 

CD cn o 
XT J G P 
P G CD 
H c 

P rH tp 
0 P -H 03 
USE 

c ^ 

O O a CD 
■H 03 05 X 
P P O P 
03 P 


C (DP 

P CD 

•H P X O 

P X 

E 03 Eh 
P P E 

* P 

<D cn 

cd cn 

P • rH 

^ -H 

CD T3 — 

•H 

T3 P E C 

rH G 

03 CD -H 

1 CP 

0) TJ P X 

X H 

X G cn P 

u cn 

P 03 >i **H 

C <D 

P cn ^ 

CD TJ 

tn cn 

X 

•H CP T3 

cn 

< C G 

rH -H 

P cn -H 03 

03 X 

c < 

U P 

cu z u E 


£ 03 O 

P 0 

CD CD p 0 

CDP 

P X p X 

O 

G P 

rH 

cn -H cd 

C 03 

03 TJ 03 X 

03 U 

0) CD G P 

♦P 

£ cn -H 

P P 

G P C 

O *H 

tj a o 

P 

rH p O 

c u 

(D 03 TJ 

0 

•H cn C CD 

•H 

P CP 03 C 

p • 

03 — O 

03 P 

US -H 

N CD 

•H ~ P 

•H P 

p cn *h 

rH 0) 

CD • Eh cn 

*H E 

C cn < o 

P O 

CP CD ^ CD 

G P 

03 X 

CD 

£ 03 E cn 

CD G 

CD 03 

X CP 


P P 


CD 


vO 


VO 


VO 


03 


rrr 







4 



P 

. — ^ 


c 

• m 


(U 

2 0) 


E 

• 05 M 


a 

~ t. a o 

03 

0 

(0 1 <Q 

X P 

QH 0) 

P 

a) 

U SZ -P 


> T3 CJ P 


P 

03 

03 — 

co 

03 

a> *o 

U 

Eh C 

P 

X 


C CO 

CO O 

03 

p 

P 

03 03 


03 

p 

03 

> U 

C 03 

C 

03 03 

03 P 

O P 

03 


C 

< > 

X 

P 

P 

D 

03 

P 03 

(0 

O 


03 Q 

03 (0 



C 

X 

* D 

03 

< ^* v - 

03 

P 03 

U 

X 

Q 

03 

03 

03 >. P 

H X 

Cn p 

P P 


U 


c a-p +j 

O 

1 — ■ 

03 

P D 

U 

P 


> 

a o 

P 03 


<13 

03 

o u 

<1> T3 

O X 

p 

•T>P 

03 

p 


03 r O 

P 03 

P 

> 

CO 

> 03 

03 

03 

0) 

0) 

03 tn p co 

a 


Q CLTJ P P g 

03 P O 

p p (/i x ro g o 

03 p u u 0) w 

P 4J 

CO P P CP P CO T3 
c O Oh C Oi >1 0) 

(U 3Q -H o (0 > 

p CO O 

H - D C P p 

•73 05 0) a. 

03 >1 03 — X E 
CP C?' C CT, C P P 

P Oho S p 

03 p >icr; o a> >, 

X o 03 0-t P 2 P 
U C Q.CO p P 

X < 03 

03 0X3 — 'CO *03 

03 03 03 ~ P 

c: p x p x to cn 
O U O Q 

T3 03 CO h P 

TJ 03 P C Q O O 

0) P P G.) CO — - 

(0 Q, 03 cn < rH 

03 3 CQ CO 03 

X O GJ P — ' 0> P 
U P 03 UP 

W P U C P C 

03 (D P P O > 0) 

P tn D P P (UP 

0 ) p x a to a o 

g 03 CO O P CL 

03 X > C 

U U 03 <U P 0 03 

U Q P X 

P P P C P P 

03 O O 0) 0) U 

P En P U <U 03 

CO C 0) 03 -n > 

O p a C 03 

P P • 0) X M X 

O p 03 (X o 

O E p U CO 

<U Oi p p <u Cn g 

P -n P <U < P 0) 

DC Cn 03 P 

PP<DPPXtO>i 
O £ 03 P <J >i U 

03 0) O H 03 (0 03 

p Cn co \ CQ cn P 

DP P C X D 

C 03 P 03 0) p P U 

03XOPXCOOU 
E UPCOE-* DCQ 03 


- TD 0) 

03 0) X 

U P P 

Cg 03 

03 O PC 

6 P 0) O 

P P c 

o a> td 

P D P tJ' 0 
P 0) 03 (0 

<U P P CO 03 
a 03 CO T3 x 0) 

CL P X 

P P 03 03 CO P 
03 O P P P 

CO p 03 P p 

cn P P c 03 

03 C C0 O O 
S 03 I P P £-* 

T3 P P C 
0) CO p 0) 03 
X p P C P P 

P O Cn 03 

P co 03 Qu C 

C C E 0) 03 

O (D (U (0 X 

E X 03 P 

T3 0PX P 

a> > p a) p 

to o P P d) 

03 P o p 0) P 

x a o e 03 

Eu tu 

<13 w O p 0) P 

P c o c cn 

03 03 P O 

• E P O 

p T3 P C TJ c 

03 03 O O 0) 

X £ P O P O 

POP 03 P 

t — ( 03 (U P 
* p CL X CO (O 
CO 03 P 'U 

P P >, P 

0 O to P CL) 

P P P P CO P 

P P P DP 

03 C 03 P O 

03 CL C P U 

p to a oi > p 

C 03 CO g 03 P 

03 P 03 P 03 

E 0.03 > O C 

c 03 o tn 

tr* C P P 03 03 

p 03 o ax e 

H X 03 E Eh 

03 P CLP P 

X P 

03 CO 03 CO • ro 

X CO p g P 

p 03 0) X 03 U 

sz 4J 4J 0) 

p P coo 

03 >i O >1 03 

x p 03 p co a 

P p C CO 

03 03 * — I 03 
03 P 03 P 03 
03 P CO O 03 X 

p c H p g P 
03 03 < P o3 

ax pup • 

P CO C P HP 

U X 03 u p E 03 

P D 03 P P 

P CO CP P P 03 

c c • CO g 

03 03 P (0 O O 

X CO 03 03 P P 

10 D P X 03 

P P 03 P 03 C 
p p E 03 cn 

p p O 03 >1 03 03 

M $ C U X C g 





p 


c 

0 - 


03 D 


o 

03 

P 

> 4H 



P 

03 

-H 0} 


-P 'O 

D 

P (0 


c 


4-1 

•H 03 


03 

03 


P U 


E 

tn tn 

03 U 


03 

P 

C 

a d 


P 

03 

P 

0) CO 


P 

P 

N 

p 


D 


P 

0 ) 


cr cn E 

CO X 


03 

C 

P 

03 P 


p 

P 

C 


• 


D 

P 

03 C 

c 

cn w 

E 

V P 

0 

c 

C 


H 

p 

p 

03 

t- 

> P 

p 

03 


O 

0 J> 

03 

C 

C 


p p 

c 

03 

03 

P 

a u 

p 

E 


c 

03 

£ 

03 X 

03 

O MH 

P 

03 

-P T3 

p 

03 


P 

c 

03 

P 

03 

£ 

0 ) 

03 

03 


ap 03 03 
co P 03 U X 

03 O 03 >i 03 

CO p u P P 

O P CO P 03 

a c p p p 

E O P £ P 



p 

U 0) D 




P 03 U 

>< 


03 

03 P P 

p 


03 03 P P 03 

p 


D 

D 03 1 

> 


P 

P C P P 

03 


•H 

P O CO CO 

P 


P 

P P D 03 

Cn 


P 

P co p o 



03 

03 CO X U 

P 



P p 

O 


P P S 03 

p 


X 

o a 03 


£ 

Cn 

D U 

03 

W 

p 

CO • 03 D 

P 

Eh 

P 

CO P ^ 03 

03 

cn 

p 

O P 03 C 

03 



X X E p 


CO 

2 

P 

03 


oc 

O Cn 03 

03 

0$ 

O 

• 03 u 

P 

w 


E 0) P P 

03 

X 

03 

03 C 03 O 

P 

X 

X 

P O P 

03 

o 

P 

CO 03 

P 

a 


>, c x cn 


Eh 

P 

CO P P 03 

>i 

2 

03 

X P 

P 

O 


p 4J p 03 

P 

U 

>1 0 -H 0 \ 

U 


p 

p ^ p 

0 

Eh 

p 

P p 0) 

p 

X 

CO 

e >. o p 

0) 

a 

c 

O P P co 

> 

M 

03 

U P P D 


X 

03 

ecu 

03 

u, 


03 03 O X 

X 


U 

Cl U P 

p 

Q 

P 

03 03 


a; 

P 

P 03 

p 

< 

<D 

03 

0 

o 

X 

U 03 C 0) 


CQ 

a 

C CO O P 

Cn 

2 

CO 

03 D P X 

c 

O 

0 

03 03 P P 

p 


E 

p u a CO 

to 


P 

D g CO 

CO 


03 

CnT3 D 0 

03 

• 


p co a 

U 

CD 

03 

03 D C 

O 

• 

X 

X O O to 

P 

'O 

H 

p U U 03 

a 


2 

O 

M 

H 

U 

X 

Q 

W 

« 

< 

< 

Q 


vo 



03 

•^0 

TJ 
P (U 
P P 
03 m (0 
P P P 
U 0) 0 


P 

<U 03 C P 


0) 

X O 03 P 


P 

P 03 cn 0 ) 


P 

a 


>i 

on 

s 

OS 

le 


P 

•C U J3 


P 

T3 O CO <C 


> 

UJ (0 H +J 


03 

E a) a m 


P 

P «P 


cn 

O P 03 0) 


0) 

P P X P 
P P p 


X 

03 C O 


p 

a 03 x u 


p 

X P 

CO P P <u 


0 

•H ^ x 


p 

03 P 


*1 

C P T3 
O 03 .-v 03 



P P > 


p 

P 0) 0 

03 03 X g 
P P P 03 


— - 

D 03 P 


CO 

aT3 >i 
E p O 



O P C P 


E 

U Q3 O 


zL. 

X 03 


P 

03 cnxJ > 
X P C 03 


O 

P X D X 
O 


P 

P X P >i 


03 

03 u Cn p 
X D C 


P 

p E 03 O 


03 

X 


P • 

CO 03 P C 


D no 

£ 03 • 


U CM 

O CO O X P 


U 1 

X 03 P P 0) 


03 vo 

CO p p 

< 


p p T3 P 

Eh 

- 03 

no D C P P 

< 

*C0 p 

<N a 1 0 ) D -n 

a 

D 

1 0 (0 o 


03 cn 

p P U 03 

Eh 

D P 

P CO 

C/) 

P Du, 

03 C 03 Cn 03 

w 

P 

P O X C X 


c 

3 p 4J p a 

Cl4 

cn p 

Cn P co 

o 

c 

P 03 P CO p 


P c 

(P P 03 03 O 

o 

C3 ^ 

D P O P 

2 

P 0 

C cn D O 03 

M 

> X 

p p a p p 

03 

O CO 

p e a p 

03 

p 

c C O P 

W 

a co 

O O U T3 u 

O 

p 

P U C CO 

O 

p 

p TJ D O 

0$ 

0 c 

03 CO P O 

CL 

0 

P P 03 P >, 

1 

w 

CO p 

D X O O X 

to P 

cn Eh x 

Ctf 

03 03 

P C T3 

CL 

u c 

P O • 03 


O P 

C • TJ P 


p E 

O V C 03 0) 

P 

a p 

U C 03 > P 

• 

03 

O O 03 

r- 

03 P 

0 O T3 g C 

• 

X 03 

X P 03 03 03 

vo 

Eh 03 

Eh cn X P cn 







4 


o 


QC 


cc 

- ? 

* 

e + 

cr 

2 T 

<1 

u * 

| l 

z => 


O < 

U 


o * 

<-> <i 


5 Qo«c 

- 

LU _ 

QC Q ot <5 
LU Z ii 

U- < ofe© 



- P 0 ) P 


rd CT'O 05 
C /5 03 P 


P 05 
o) p 
P en W 


u u p in p 

H O 03 <D *H 

P Cxhi a 3 c/5 

cr p o 
cu >i ttj a. 

v-i .-*->>» 


o p to oj >ih > p o> 

rtf CU cn nd <T3 aj 4-> 


C P -H 
O 03 U 


H P P 
c/5 tr (D 
03 £ 


■ H 0) P 03 £ »H 

t/5PPU050503a3 

c rd cvh M-i p v-i p 

03 3 P 4-> rd rc 

a a 1 03 y >. a, cn 

X 0 r-i U 

( 1 ) u X) p O o o 

CP O <D 03 4 n O £ 

U 05 P > C o P 

•rITJ O 0 C - 

c C H -H O lf> (1) 

0 CN o Q* P P P 

6 \ -H B 03 P P P 

P rH P 0 > P 03 



O 

03 


03 


3 

p 

P 1 



O 

p 

-P 

P 

05 

a 

D 

3 

c 


»— i 


p 

P 

P 

£ 

a 

0 

03 



rH 

0 

a 

03 

0 

e , 

P 



0 

03 , 

X 

e 


u 

0 

03 

05 


P 

U 

03 

0 

C/5 


u 


05 



■ H 


u 

05 

05 


C 

P 


c 

P 

0 


P 

P 

p 

P 

•H 



05 

-p 

03 

c r 

03 

0 


i—l 


0 

X 



* rH 



cr p 


T3 

a 

C/5 

C 

c 

p 

a 

c 

05 



C/5 

05 

•H 

p 

u 

U5 

•H 

P 

>< 

T3 


• rH 

03 

a 

■H 

03 

P 

03 

u 

P 

OJ 

rH 

-P 

05 

x: 

U 

c 

C/5 

2 

0) 

p 

03 

.Q 

p 

z 


D 


W 

■ rH 

P 

£ 

0 



05 

0 

05 

M 

4-1 


0 


c 

p 

JC 

£ 

jC 

u 


>, 

c 

0 

0 


p 

03 

P 

M 

>, 

p 

03 

-P 

■rH 

p 




&4 

P 

p 



P 


p 

05 

c 

Ch 

• rH 

03 

T3 


03 

- 

05 

0) 

05 

w 

> 

O 

05 

C/5 

£ 

0) 

13 

p 

05 


03 


03 

03 

■ H 

u 

•H 

03 

S 

z 

P 

0 

T3 

-P 

X 

c 

C/5 

P 

P 

o 

cr 

-p 

• H 


0 

05 

c 

cr 

05 

M 



P 

05 

p 

CP 

0 

05 

P 

H 

a) 


CP 

> 

a 

P 

u 



<C 

p 

m 


•H 

a 

05 


03 

•C^ 

H 

P 

• 

05 

1/5 

03 

> 


05 


Z> 



X 

c/5 


c 

C/5 

P 

QJ 

Du 

4-1 


-P 

03 


0 

05 

03 

X 

Z 

0 

p 


6 

05 

0 

0) 


P 

o 


a 

P 


o 


O 

rH 


u 

c 

03 

0 

03 

c 

p 

0 

03 

05 

0 

P 



05 

0 

p 

P 

P 

Q 

•H 

cn o 

C/5 


4h 

a 

cr 

1 m 

P 

P 

03 

o 

■ H 




05 


W 

D 

P 

ro 



c 

05 


C/5 

VH 

rH 

03 


-P 

• 

0 

X 

tr P 

Ct« 

0 

a 

■ P 

■ H 

c 

■ H 

p 

05 

3 


U5 

- 

05 


0 

p 


T3 

a 

>< 

<D 


T3 


■ H 

03 

4H 


c 

H 

P 

> 

, P 

in 

p 

P 

0 

r\i 

■ • 

hH 


p 

C 

05 

03 

05 


\ 


> 

03 

03 


05 

P 

P 

c 

rH 

03 

< 


in 

TJ 

03 

05 

■ H 

0 


P 

(X 

C 

05 

C 

U 

P 


■ H 

4H 

03 


■ H 

05 

03 


• rH 

05 

p 

0 

T3 


03 

U 


X 


C 

a 




P 

05 

05 

p 

0) 

0 

■ H 

4 X 

P 

CM 

XI 

C 

05 

o 

c 


P 

* rH 

P 


o P XJ o c o p 
(/] D 1 o 3 cn p • 

OfUtbecrU^H 
H 5 T3 H t 4 4J 03 E ^ 


ig 





that have first been determined from the Doppler tracking network of the DMA. The s 
inputs have previously been averaged over a 4-second period. For an 88-minute orbit 
( approximately 160 km altitude) and 180-day mission, the number of s inputs is 
approximately 3.87 X 10^ data points. For the least squares method, the observational 
equations can be written in matrix form as 
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